n i 



METHOD FOR SURFACE ^ATM^DF GOLD-PLATED BODY AND SURFACE- 
TREATED PRODUCT AND METHOD FOR IMMOBILIZATION OF SULFUR- 
CONTAINING MOLECULES USING THE SAME 

BACKGROUND OF THE I NVENTION 

1 . Field of the Invention 

y< The present invention relates to a method for surface 

ft 

q treatment of a gold-plated body, a surface-treated product , a 

Qi 

%| method for the manufacture of a gold-plated body, a gold- 
ill 

TO i 

O plated body, and an immobilization method which make it 

ru 


possible to immobilize a large number of sulfur-containing 
molecules . 

2 . Description of Prior Art 

A technology for immobilizing sulfur-containing molecules 
having S-H groups, S-S groups, and the like on the surface of 
gold (Au) (bonding of S-H groups and gold is described in J. 
Am. Chem. Soc, No. Ill, p. 32 1~, 1989, by C. D. Bain et al., 
and in Anal. Chem. No. 70, p. 2396-, 1998, by J. J. Gooding et 
al.) has been known in a variety of fields such as 
immobilization of probes in gene detection (target gene probe), 
immobilization of self -assembled monolayers (SAM) as resists 
(photosensitive agents), and the like. 

Gold-plated bodies prepared by plating gold by a usual 
plating method on the surface of a substrate such as alloy 


1 


substrate have been used as gold serving as immobilization 
substrates for such sulfur-containing molecules. 

However, a problem associated with such gold-plated 
bodies was that only a small amount of sulfur-containing 
molecules could be immobilized on the surface thereof. This 
was apparently because the orientation of gold crystal 
structure on the surface of gold plated body was not constant 
which resulted in a decreased amount of bonds (coordination 
bonds) between gold and S-H groups or S-S groups contained in 
the sulfur-containing molecules. 

Appropriately changing gold plating conditions such as 
temperature in the process of forming a gold-plated body was 
considered as a means for obtaining a constant orientation of 
surface structure of the gold-plated body and immobilizing a 
large amount of sulfur-containing molecules on the gold-plated 
body. However, changing of such conditions was in reality 
difficult. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a method for surface treatment of a gold-plated body, 
a surface-treated product, and an immobilization method which 
make it possible to immobilize a large amount of sulfur- 
containing molecules. 


The results of the intensive study conducted by the 
inventors demonstrated that the above-described object can be 
attained by a method by which the surface of a gold-plated 
body after gold plating is annealed within the specific 
temperature range. 

The present invention is based on this finding and it 
provides a method for surface treatment of a gold-plated body, 
by which the surface of the gold-plated body is subjected to 
annealing at a temperature of 350 to 790°C so that a large 
number of sulfur-containing molecules could be immobilized* 

The present invention also provides a surface-treated 
product of the gold-plated body that was treated by the above- 
described surface treatment method. 

The present invention also provides a method for the 
immobilization of sulfur-containing molecules by which a large 
number of sulfur-containing molecules are immobilized on the 
surface treated product of the gold-plated body that was 
treated by the above-described surface treatment method. 

Furthermore, the inventors have also found that the 
above-mentioned object can be attained by a gold-plated body 
manufactured from a starting material having a specific 
additive added thereto. 

The present invention is based on this finding and 
provides a method for the manufacture of a gold-plated body by 
which surface gold crystals are formed from a starting 
material comprising a crystal growth enhancer, this method 


manufacturing a gold-plated body allowing a large number of 
sulfur-containing molecules to be immobilized on the surface. 

Moreover, the present invention provides a gold-plated 
body obtained by the aforesaid manufacturing method. 

The present invention also provides a method for 
immobilizing sulfur-containing molecules which immobilizes a 
large number of sulfur-containing molecules on the gold-plated 

U body obtained by the aforesaid manufacturing method. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 


[Method for surface treatment of gold-plated body] 


Q 
Li! 

pi The method for surface treatment of a gold-plated body in 

p accordance with the present invention will be described below 
in greater detail based on the preferred embodiments thereof. 

With the surface treatment method in accordance with the 
present invention, the surface of the gold-plated body is 
subjected to annealing at a temperature of 350 to 790°C so 
that a large number of sulfur-containing molecules could be 
immobilized (preferably so that a large number of sulfur- 
containing molecules comprising S-H groups or S-S groups could 
be immobilized via the S-H groups or S-S groups). Annealing at 
a temperature within this range makes it possible to obtain a 
surface-treated product that can immobilize a large number of 
the aforesaid sulfur-containing molecules. 
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In accordance with the present invention , the annealing 
is conducted according to JIS K 6900. 

As mentioned above, the annealing temperature is 350 to 
790°C, the temperature referred to herein being the peak 
temperature (maximum temperature). More specifically, the 
annealing is conducted by raising the temperature at a rate of 
5 to 30°C/min from the initial temperature (room temperature, 
usually 10 to 30°C), terminating temperature increase when the 
above-mentioned temperature, which is the peak temperature, is 
reached and then holding at a constant temperature. 

When the annealing temperature is less than 350°C, the 
amount of the sulfur-containing molecules on the surface of 
the gold-plated body is insufficient. On the other hand, if 
the annealing temperature exceeds 7 90°C, a problem is 
associated, for example, with melting of the substrate 
constituting the gold-plated body or peripheral components of 
such substrate. Thus, when the substrate is used in a state in 
which it is vertically joined to a support with an Ag solder 
(eutectic Ag-Cu), the Ag solder can be remelted and the 
substrate can fall. 

From the standpoint of increasing the amount of 
immobilized sulfur-containing molecules and preventing the 
negative effect on the substrate and peripheral components 
thereof, it is especially preferred that the annealing 
temperature be 450-700°C. 


The treatment time of annealing is adjusted appropriately 
according to the treatment temperature within the above- 
described range. Typically, the treatment is conducted for 3 0 
to 600 min. 

It is especially preferred that the treatment at a 
temperature of 350 to 600°C be conducted for 30 to 240 min. 

Furthermore, it is preferred that the treatment at a 
temperature of 600 to 790°C be conducted for 60 to 240 min. 

The annealing is usually conducted in the presence of a 
reducing gas (a mixture of hydrogen and nitrogen), but such a 
condition is not limiting and the treatment may be conducted 
under 100% hydrogen, 100% nitrogen, or vacuum. 

It is especially preferred that the annealing be 
conducted so as to obtain a structure in which surface gold 
crystals in the obtained surface-treated product have no less 
than 30%, in particular, no less than 60% planes with a (1, 1, 
1) orientation. Such (1, 1, 1) planes provide for closest- 
packed structure of gold atoms, and when the crystal structure 
with a content ratio of (1, 1, 1) planes of no less than a 
specific value is present on the surface, the orientation 
becomes constant and apparently a constant number of bonding 
positions for S-H groups or S-S groups contained in the 
sulfur-containing molecules can be guaranteed. 

The method for measuring the content ratio of (1, 1, 1) 
planes is presented in the below-described preferred 
embodiment. 


With the surface treatment method in accordance with the 
present invention, no specific limitation is placed on the 
gold-plated body which is the object of annealing, and bodies 
obtained by plating the surface of a variety of substrates by 
various well known methods (for example, electroplating, 
chemical (electroless ) plating, and the like) can be used. 

In accordance with the present invention, it is preferred 
that the gold-plated body be an electroplated body prepared by 
using an electrically conductive substrate composed of an 
alloy comprising cobalt, nickel, iron, and the like, immersing 
the substrate into a gold plating solution, after optional 
priming, and passing an electric current through the 
electrically conductive substrate and the gold plating 
solution. The especially preferred is an electroplated body 
suitable for applications as a pin serving as a detection 
electrode employed in the method for electrochemical detection 
of genes, e.g., of DNA, RNA, and the like having a specific 
sequence. In case of pins of detection tips, the surface where 
the genes are immobilized by introduction of S-H groups or S-S 
groups, that is, the front end of the pin, is annealed. 

When an electroplated body is used, in the process for 
forming the electroplated body, it is preferred that a crystal 
growth enhancer be added, preferably, in an amount of 0.5-5 
ppm (based on weight standard) to a gold plating solution into 
which an electrically conductive substrate is to be immersed. 
Employing the electroplated body formed by using the gold 


plating solution having a crystal growth enhancer thus added 
thereto in the surface treatment method in accordance with the 
present invention is preferred because it raises the content 
ratio of (1, 1, 1) planes in the surface gold crystals on the 
obtained surface-treated product and further increases the 
immobilization ratio of sulfur-containing molecules. 

Examples of suitable crystal growth enhancers include 
thallium (Tl) -containing crystal growth enhancers such as 

Spa 
assss, 

5? thallium sulfate, thallium chloride, thallium nitrate, and the 

fn 

£j like, and lead (Pb) -containing crystal growth enhancers such 

U1 

p as lead chloride, lead citrate, and the like. Thallium- 

ru 

» containing crystal growth enhancers are especially preferred 

IT' 3 

Ul because they provide for excellent content ratio of (1, 1, 1) 

iy 

4? planes and immobilization ratio of sulfur-containing molecules. 
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f y Examples of sulfur-containing molecules immobilized by 

the surface-treated product of gold-plated body which is 
obtained by the surface treatment method in accordance with 
the present invention include not only the sulfur-containing 
molecules having S-H groups or S-S groups, but all of the 
sulfur-containing molecules that can be immobilized on the 
gold surface. 

In accordance with the present invention, the preferred 
sulfur-containing molecules contain nucleic acid residues, 
protein residues, or protein-bondable groups. 

Examples of sulfur-containing molecules containing 
nucleic acid residues include molecules obtained by 
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introducing S-H groups or S-S groups into nucleic acids such 
as DNA, RNA, and the like. 

Examples of sulfur-containing molecules containing 
protein residues include molecules obtained by introducing S-H 
groups or S-S groups into proteins, or proteins having an S 
atom in a molecule. 

Examples of sulfur-containing compounds containing a 
Ll protein-bondable group include compounds obtained by 

b 

g introducing a protein-bondable group such as a carboxyl group 

En 

vj or amido group by a linker or the like into a compound having 

O an S-H group or S-S group. Such compounds can be immobilized 

fij 

% by forming a SAM ( self -assembled monolayers) on the surface on 

Is: s? 

tfl the gold-plated body surface. 4,4'-Dithio Dibutyric Acid (DDA) 
J£ is a specific example of the sulfur-containing compound 

apt 3 

ry comprising a protein-bondable group. Once such sulfur- 
containing compound comprising a protein-bondable group has 
been immobilized, bonding a protein to the protein-bondable 
group makes it possible to use it as a protein tip. For 
example, when DDA is used as a sulfur-containing compound 
containing a protein-bondable group, DDA is immobilized by 
forming a SAM on the gold-plated body surface via an S-S group 
contained in the molecule, then a carboxyl group serving as a 
protein-bondable end group of the immobilized DDA is activated 
with EDA (water-soluble carbodiimide) or NHS (N- 
hydroxysuccinic acid imide), and a protein is bonded thereto. 
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Furthermore, in accordance with the present invention, it 
is also preferred that a probe (preferably, a probe with an S- 
H group or S-S group introduced thereinto) for the detection 
of a gene (target gene) with unconfirmed based sequence serve 
as the above-mentioned sulfur-containing molecule. A gene 
having a base pair portion complementary to the target gene 
can be used. More specifically, a plurality of PCR products, 
oligonucleotides, mRNA, cDNA, PNA (peptidic nucleic acid), or 
LCA (locked nucleic acid; Proligo, trade name of LLC Co., 
Ltd.) having the same or different gene sequence can be used. 

With the surface treatment method in accordance with the 
present invention, the treatment is conducted so that a large 
number of such probes are also immobilized on the surface of 
the gold-plated body via S-H groups or S-S groups. Therefore, 
the number of probes immobilized on the obtained surface- 
treated product can be increased and then the number of genes 
with unconfirmed base sequence that can be detected can be 
increased. 

[Surface-treated product of gold-plated body] 

The present invention can provide a surface treated 
product of the gold-plated body treated by the above-described 
surface treatment method. Such surface treated product of the 
gold-plated body can immobilize the above-described plurality 
of sulfur-containing molecules (preferably, a large number of 
sulfur-containing molecules having S-H groups or S-S groups). 
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The surface treated product in accordance with the 
present invention has a structure in which the surface gold 
crystals usually have no less than 3 0% planes with a (1, 1, 1) 
orientation. The surface treated product in accordance with 
the present invention, which has such a structure on the 
surface thereof can immobilize a large number of the above- 
mentioned sulfur-containing molecules. 

[Method for immobilization of sulfur-containing molecules] 
Furthermore, the present invention can also provide a 
method for the immobilization (method for the immobilization 
of sulfur-containing molecules) of a large number of sulfur- 
containing molecules (preferably, a large number of sulfur- 
containing molecules having S-H groups or S-S groups) on the 
surface-treated product of the gold-plated body treated by the 
above-described surface treatment method. With such an 
immobilization method, the sulfur-containing molecules can be 
immobilized on a gold-plated body in an amount unattainable by 
the conventional methods . The method for measuring the 
immobilized amount is presented in the below-described 
examples . 

[Method for manufacture of gold-plated body] 

The present invention provides a method for the 
manufacture of a gold-plated body by which surface gold 
crystals are formed from a starting material comprising a 
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crystal growth enhancer, this method manufacturing a gold- 
plated body allowing a large number of sulfur-containing 
molecules to be immobilized on the surface. 

With the manufacturing method in accordance with the 
present invention, it is especially preferred that a gold- 
plated body be obtained by adding a crystal growth enhancer to 
a gold plating solution, immersing an electrically conductive 
substrate therein, and passing an electric current through the 
electrically conductive substrate and the gold plating 
solution having the crystal growth enhancer added thereto. For 
example, a gold-plated substrate is obtained by using an 
electrically conductive substrate composed of an alloy 
containing cobalt, nickel, iron, and the like, optionally 
priming the electrically conductive substrate, then immersing 
it into a gold plating solution having a crystal growth 
enhancer added thereto and passing an electric current through 
the electrically conductive substrate and the gold-plating 
solution containing the crystal growth enhancer. It is 
especially preferred to form an electroplated body suitable 
for applications as a pin serving as a detection tip electrode 
employed in the method for electrochemical detection of genes, 
e.g., of DNA, RNA, and the like having a specific sequence. 

It is also preferred that the gold-plated body be formed 
so as to obtain a structure in which surface gold crystals 
have no less than 30%, in particular, no less than 60% planes 
with a (1, 1, 1) orientation. When a pin of a detection tip is 
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formed, it is especially preferred that the formation be 
conducted so as to obtain such a structure at least on the 
front end of the pin, that is, on the surface where S-H groups 
or S-S groups are introduced into a gene and immobilized. 

In the manufacturing method in accordance with the 
present invention, it is preferred that a crystal growth 
enhancer be added, preferably, in an amount of 0.5-5 ppm 
(based on weight standard) to a starting material of a gold 
plating solution. When the amount of the crystal growth 
enhancer is within this range, the content ratio of (1, 1, 1) 
planes in the surface gold crystals on the obtained gold- 
plated body is raised and the immobilization ratio of sulfur- 
containing molecules is further increased. 

Examples of suitable crystal growth enhancers include 
thallium (Tl ) -containing crystal growth enhancers such as 
thallium sulfate, thallium chloride, thallium nitrate, and the 
like, and lead (Pb) -containing crystal growth enhancers such 
as lead chloride, lead citrate, and the like. Thallium- 
containing crystal growth enhancers are especially preferred 
because they provide for excellent content ratio of (1, 1, 1) 
planes and immobilization ratio of sulfur-containing molecules. 

Examples of sulfur-containing molecules that are 
immobilized on the surface of the gold-plated body obtained by 
the manufacturing method in accordance with the present 
invention are identical to the sulfur-containing molecules 
immobilized on the surface treated product obtained by the 
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above-described surface treatment method. Therefore , in the 
manufacturing method in accordance with the present invention, 
it is also preferred that the sulfur-containing molecules 
contain nucleic acid residues, protein residues, or protein- 
bondable groups, or that a probe be used for the detection of 
a gene with an unconfirmed base sequence. Since such a probe 
is also treated so as to immobilize a large number of 
molecules on the surface of a gold-plated body via S-H groups 
or S-S groups, the number of probes for immobilization onto 
the obtained gold-plated body is increased and, therefore, the 
number of genes with an unconfirmed base sequence that can be 
detected can be increased. 

[Gold-plated body] 

The present invention can provide a gold-plated body 
obtained by the above-described manufacturing method. Such a 
gold-plated body can immobilize a large number of sulfur- 
containing molecules (preferably, a large number of sulfur- 
containing molecules having S-H groups or S-S groups). 

The gold-plated body in accordance with the present 
invention has a structure in which the surface gold crystals 
usually have no less than 30% planes with a (1, 1, 1) 
orientation. The gold-plated body in accordance with the 
present invention, which has such a structure on the surface 
thereof, can immobilize even a larger number of the sulfur- 
containing molecules. 
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[Method for immobilization of sulfur-containing molecules] 

The present invention can also provide a method for the 
immobilization (method for the immobilization of sulfur- 
containing molecules) of a large number of sulfur-containing 
molecules (preferably, a large number of sulfur-containing 
molecules having S-H groups or S-S groups) on the surface of a 
gold-plated body obtained by the above-described manufacturing 
method. With such an immobilization method, the sulfur- 
containing molecules can be immobilized on a gold-plated body 
in an amount unattainable by the conventional methods . 

Examples 

The present invention will be described below in greater 
detail based on examples thereof and a comparative example* 
The present invention is not, however, limited to the 
aforesaid examples. 

Example 1 

(Preparation of gold-plated body) 

A gold-plated body having a gold surface layer with a 
thickness of 2.0-3.0 |un was obtained by using a plurality of 
electrically conductive substrates (pins for a gene detection 
tip) having a Ni layer that were obtained by priming a 
plurality of electrically conductive materials composed of a 
Co-Ni-Fe alloy on the periphery thereof with Ni, immersing the 
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substrates into a cyanide-based gold plating solution, and 
passing an electric current with a plating current density of 
0.25 A/dm 2 through the substrate and the gold plating solution. 
(Annealing) 

The surface of the gold-plated body obtained was 
subjected to annealing at a temperature of 450°C under a 
reducing gas (H 2 + N 2 = 15 : 85) atmosphere. More specifically, 
the annealing was conducted by raising the temperature from 
the initial temperature (room temperature, 25°C) at a rate of 
19°C/min, terminating temperature increase when a peak 
temperature of 450°C was reached, and then holding at a 
constant temperature. In this case, the treatment at a 
temperature of no less than 400°C was conducted for about 20 
min. 

(Content ratio of (1, 1, 1) planes) 

The content ratio ( % ) of ( 1 , 1 , 1 ) planes among the 
orientation planes in the gold crystal structure on the 
surface of the gold-plated body was calculated in the 
following manner by X ray diffraction measurements. The 
results are presented in the Table below. 

The X ray diffraction measurements were conducted under 
usual conditions (20 = 10-100°, CuKa) with an X ray 
diffraction analyzer RINT1400V manufactured by Rigaku Co. The 
orientation of gold crystal structure can be qualitatively 
confirmed by the peak intensity ratio in the X ray diffraction 
pattern of gold. The peak intensity ratio of gold plated layer 


16 


is compared with the peak intensity ratio of a reference gold 
powder (no orientation) and if a certain peak intensity ratio 
becomes large, then the orientation along this plane can be 
assumed. Typically the peaks of planes such as (1, 1, 1), (2, 
2, 2), (1, 0, 0), and (2, 0, 0) tend to demonstrate easier 
orientation than other planes. For this reason, in the present 
example, the peak intensity of the (3, 1, 1) peak which is 
apparently hardly affected by orientation was selected as a 
C3 reference peak and the peak intensity ratio with other peaks 
5j was calcula ted. The content ratio (%) of each orientation 

plane was calculated from the respective peak intensity ratio. 
Only the content ratio (%) of the (1, 1, l) planes is 

C3 

Ifl presented below. 

m 

(Immobilization method) 

o. 

FU immobilization was conducted after a pretreatment [the 

gold-plated body subjected to annealing was boiled for 1 h in 
2M NaOH, then stirred for 3 0 min in 1.42 concentrated nitric 
acid, and thoroughly washed with ultrapure water (mill-Q 
water ) ] . 

An aqueous solution, 1 jaL, of HS-P72 [p53 gene codon 72 
SNPS (P), sequence structure: HS-(5') AGG CTG CTC CCC CCG TGG 
CC] as a probe containing S-H groups at 2 pmol/(LiL was dipped 
onto a plurality of pins serving as a gold-plated bodies 
subjected to surface treatment and a large number of molecules 
were immobilized on the surface of respective gold-plated 
bodies (overnight, room temperature). In order to prevent 
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drying during immobilization of the probe on the pins, each of 
the pins was enclosed in a wet pat and the entire assembly of 
the plurality of pins was enclosed in a wet pat. 
(Immobilized amount) 

Prior to calculating the immobilized amount, the HS-P72 
non-specific adsorption species remaining outside the 
molecules immobilized by Au-S bonds were removed from the 
surface-treated gold-plated bodies (pins) after preliminary 
immobilization. The immobilized surface-treated gold-plated 
bodies (pins) were then immersed for 5 min into an 
electrolytic solution of the following composition. 
Composition of electrolytic solution: 50 jaM FND 
(Ferrocenylnaphthalene diimide) 

0.1M acetic acid buffer (pH5.6) 

0.1M KC1 

At this time, FND is concentrated in the immobilized 
probe by electrostatic interaction (cationic FND is 
electrostatically concentrated in polyphosphoric acid portion 
of anionic immobilized probe) or hydrophobic interaction 
(hydrophobic interaction between the naphthalene diimide 
portion of FND and a base of the immobilized probe). The 
amount of concentrated FND was quantitatively determined by 
the oxidation current value by DPV (differential pulse 
voltammetry) of electrochemically active ferrocene connected 
to bond ends of FND and the result was calculated as the 
amount of immobilized probe. Thus, the amount of molecules 
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immobilized (per one pin) on the surface of pins serving as 
the surface-treated gold-plated bodies was determined as an 
electric current value (jjA) The results are presented in the 
Table below. The higher is the current value the greater is 
the immobilized amount, and the lower is the current value the 
smaller is the immobilized amount. 

Example 2 

A gold-plated body subjected to surface treatment was 
obtained in the same manner as in Example 1, except that the 
annealing was conducted at a temperature of 700°C. The 
annealing was conducted by raising the temperature from the 
initial temperature (room temperature, 25°C) at a rate of 
19°C/min, terminating temperature increase when a peak 
temperature of 7 00°C was reached, and then holding at a 
constant temperature. In this case, the treatment at a 
temperature of no less than 4 00°C was conducted for about 40 
min. 

The content ratio (%) of (1, 1, 1) planes and immobilized 
amount (jiA) were calculated for the obtained gold-treated body 
subjected to surface treatment in the same manner as in 
Example 1. The results are presented in the Table below. 

Example 3 

A gold-plated body subjected to surface treatment was 
obtained in the same manner as in Example 2, except that a 
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thallium-containing crystal growth enhancer (thallium sulfate 
T1 2 S0 4 ) was added at a ratio of 0.002 g/L (2 ppm) to the gold 
plating solution. 

The content ratio (%) of (1, l, l) planes and immobilized 
amount (|iA) were calculated for the obtained gold-treated body 
subjected to surface treatment in the same manner as in 
Example 1. The results are presented in the Table below. 

□ Example 4 

M 
U1 

2 A gold-plated body was obtained in the same manner as in 

Example 1, except that a thallium-containing crystal growth 
|j enhancer (thallium sulfate Tl 2 so 4 ) was added at a ratio of 
?3 °-002 g/L (2 ppm) to the gold plating solution at the stage of 

m 

fabricating the gold-plated body in Example 1. 

The content ratio (%) of (1, 1, 1) planes and immobilized 
amount (uA) were calculated for the obtained gold-plated body 

(no annealing) in the same manner as for the surface-treated 
product in Example 1. The results are presented in the Table 
below. 

Comparative Example 1 

A gold-plated body obtained in the same manner as in 
Example 1 was used as is, without annealing. The content ratio 
(%) of (1, l, l) planes and the immobilized amount (uA) were 
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measured for the body in the same manner as in Example 1. The 

results are presented in the Table below. 

Results 



Content ratio 
of 

(1, 1, 1) 
planes 

Immobilized 
amount (ixA) 

Example 1 

(annealing at 450°C) 

68.0 

1.433 

Example 2 

(annealing at 7 00°C) 

78.7 

1.465 

Example 3 

(plating additive + 
annealing at 700°C) 

82.5 

2.059 

Example 4 

(plating additive) 

36.9 

1.648 

Comparative Example 1 

(no plating additive and no 
annealing) 

13.3 

0.798 


The results presented above demonstrate that with the 
surface treatment method in accordance with the present 
invention, by which the surface of a gold-plated body is 
annealed at a temperature within the specific range (Examples 
1 to 3) and with the method for the manufacture of a gold- 
plated body in accordance with the present invention which 
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uses a specific plating additive (crystal growth enhancer) 
(Examples 3, 4), the ratio of (1, l, l) planes in the surface 
gold crystal structure of the obtained gold plated body or the 
surface-treated product of the gold-plated body is higher and 
the amount of sulfur-containing molecules immobilized on the 
gold surface is greater than those in Comparative Example 1 in 
which no annealing was conducted and no plating additive 
(crystal growth enhancer) was used. 

The present invention provides a method for surface 
treatment of a gold-plated body, a surf ace- treated product, a 
method for the manufacture of a gold-plated body, a gold- 
plated body, and an immobilization method which make it 
possible to immobilize a large amount of sulfur-containing 
molecules . 
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